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Analytic Moveoutformulas for a curved 2D
measurementsurfaceand near-zero-offsetprimary
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ABSTRACT

Analyticmoveoutformulasfor primary nearzemo-offsetreflectionan varioustypesof
gathes (e.g. commonshot,commonmidpoint)play a significantrole in the seismic
reflectionmethod. They are requiredin staking methoddike the common-midpoint
(CMP) or the Common-ReflectioBurface(CRS)stak. They alsoplay a role in Dix-
typetraveltimeinversions. Analytic moveoutformulasare particularly attractive if
they can be givena “physical” or “quasi-physical” interpretation, involving for in-
stancethe wavefont curvatuesof specificwaves.Theformulaspresentedere have
sud a form. They give particular attentionto the influencethat a curvedmeasue-
mentsurfacehason the moveoutor normal-maeout(NMO) velocity Thisinfluence
shouldbe accountedor in the CMP or CRSstadk andin the computatiorof interval
velocities.

INTRODUCTION

Analytic moveoutformulasfor isotropicmediahave a long tradition of beingapplied
in the seismicreflectionmethod.Justto mentiona few paperghatmaybeconsidered
as somemilestonecontributions we would like to refer to the works of (Durbaum,
1954;Dix, 1955;Shah,1973;FomelandGrechka,1998). Particularlyin thelight of
macro-model-independergflectionimaging(Hubral,1999)analyticmoveoutformu-
las in midpoint(m)-half-ofset(h) coordinatedik e Polystack(de Bazelaire,1988; de
BazelaireandViallix, 1994;Thoreetal., 1994)andMultifocusing (Gelchinsly etal.,
1999a,b)have gaineda new relevanceand importance. Here we generalizethe so-
calledCommon-Reflection-Swuate(CRS)stackformula (Muller etal., 1998),which
is usedto simulatezero-ofsetsectiondrom prestackdatain a macro-\elocity-model
independentvay (Jageret al., 2001). The generalizedCRS stackmoveoutformula
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is formulatedin sucha way that the influenceof the curved surfacecanbe clearly
recognized.

THEORY

Accordingto (Schleicheretal., 1993),the hyperbolictraveltime approximatiorfor a
ray from S’ to R’ andfrom R’ to G’ both on a curved surface,in the vicinity of a
normal(zero-ofset)ray from SG to R andfrom R to SG (FigureA-1) is givenby

tiyp(m, h) = (t() -2 Po m)2 + 2 t() [(Bi1 A— Bil) m2 + ( Bi1 A + Bil) h2] (1)

with
—sin B<*
py = —SPs" @
v
S T (3)
2 2

Thisformulais valid for a 2D laterallyinhomogeneumedium.v is thevelocity atthe
ZO locationSG, t, is zero-ofset (two-way) traveltime. z, andz, arethe coordinates
of the sourceS’ andrecever G' measurealongthe tangentto the curved surfaceat
SG.

ThecomponentsA, B, C, D of theso-called® x 2 surface-to-suidcepropagator
matrix for thetwo-way normalray (seeAppendix)aregivenby

1 2 Kg
A= ————M | K Ky — 4
Kyip — Ky ( AL COSﬂS*> ’ @)
1 2v
B = 1, 5
Kyip— Ky (Cos 2 ) (5)
1 cos* Bs Ks 2 Knrp Ky cos* 32 2 K2
C = — | -2 (Knip + Ky) B 5 NP N ﬂs+ 51(6)
Kyip — Ky v v
1 2 Kg
D=—" (Kyp+Ky- 7
Knrp — Kn ( NIP T XN o8 ﬁs*> ) (7)

where 35 is the angle of incidenceof the normal ray (emeging on the curved
measuremergurfaceat SG) with the normalof the tangentto the curved surfaceat
SG. Let usdefine Kg asthe surfacecunatureat the point SG. Ky p and Ky are
the cunaturesof the NIP-wave andthe N-wave obseredat SG, respectirely (Hubral,
1983;Jageretal., 2001).
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Insertingeqgs.(2), (4), and(5) into eq. (1) we obtain

. 2
sin 3" 2 o 2 2
t7 h) = [(te+2 = (K L — K
hyp (5 B) <0+ » m) + 5 ( N cos” 35 — cos 3% 5) m
2t
+TO (KNIP cos® 3% — cos B% KS) h?. (8)

Here(8% , Knip , Kn) arewantedparameterthathelpsolve avarietyof stackingand
inversionproblems(Hubral,1999). They canbe obtainedoy modifying the presently
existing 2D CRSstackformula(Jageretal., 2001)thatis obtainedrom eq.(8) by sub-
stituting Ks = 0. In thefollowing, we discuss3 particularreductionsof formula(8)

which areof practicalrelevance.

Particular cases
Common-mid-point (CMP) gather

For thiscaseym = 0, theequation(8) reducego

21
tenp(h) =5+ TO (KNIP cos® 3% — cos 3% Ks) h? . 9)
This expressions commonlywrittenas(Shah,1973)
4 h?
temp(h) =5+ R (10)

wherethe normalmoveout(NMO) velocity vy o IS NOwW givenby

2v
2
v = .
NMO ™ 4 (Knip cos? 3% — cos % Kg)
For Ks = 0 thisreducego Shahs formula. For a 1-D modelwith a planarsurface,

straightnormalray andincidenceangle3s = 0 this expressionreduceso Vo =
Vrus, WhereVgars is thefamiliar root-mean-squareelocity.

(11)

Common - shotgather

For thiscasex, = =, + z, equation(8) reducego

+— (KN cos® 3% + Kyrp cos® B — 2 cos 3% Ks) z?,

2v
(12)
whereaccordingo eq.(A-9) and(Hubral,1983),is demonstratethat K y;p + Ky =
2 K,, with K, beingthewavefrontcurvatureof thereflectedwvave at SG.

. 2
* t
2, (o, h) = <t0+smﬂs 96) 0
v
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Zero-Offsetsection

For thiscase ), = 0, equation(8) reducego

. 2
* 2t
t2o(m) = (to +2 vaﬂs m> + TO (KN cos® 3% — cos B KS) m?. (13)

All threeformulasshouldbe consideredn the2D CRSstack(Jageretal., 2001)for a
curvedmeasuremerdurface.

CONCLUSION

In this paperwe have formulateda new analyticmoveoutformula(8) for a2D curved
measuremergurface. It mayfind applicationin a numberof modeling,inversionand
stackingproblems. The formulais independenbf the 2D laterally inhomogeneous
velocity model. For that matterit is alsovalid for 3D earthmodels,provided all pa-
rametersn the2D formularepresenthosein the planedefinedoy theseismidine and
emeging normalray at SG.
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APPENDIX A

Elementsof the surface-to-surfacepropagator matrix T

Following (Hubral etal., 1992a;€Eeneny, 1999; Schleicheret al., 2001),we canex-
pressfor the 2-D casethe2 x 2 submatriceA;, B;, C,;, D, of the4 x 4 surface-
to-surfacepropagatomatrix T (Bortfeld, 1989;Hubraletal.,1992a;Schleicheetal.,
1993)form by

A - Qg QX

g, - g,g ; (A_l)
B = @ (A-2)
g g
"Pb X X' X' X
C = §Rg- TR A0 S (A-3)
IP XI
p = 9 2 4 /Q2’ (A-4)
g g9

where P;, P,, Q1 and @, arethe scalarelementsof the so-calledIT propagator
matrix (Popo and Pser€lR, 1978;Eeneny, 1985;Hubral et al., 1992a). The matrix

T is definedin a Cartesiarcoordinatesystemandthe propagatomatrix IT is defined
in aray centerectoordinatesystem(€eneny, 1987).

We assume 2-D model(Figures6.1and6.2) with acurvedmeasuremergurface.
We have asourcepoint S coincidingwith therecever pointG. In the paraxialvicinity
of the normal ray surface location SG, where the medium velocity changesonly
gradually we have two points S’ and G'. This source-receer pair is linked by a
reflectedparaxialray S’R'G'. Accordingto (Eeneny, 1987;Schleicheretal., 2001),
we can expressfor the 2-D casethe transformationfrom the local 2-D Cartesian
coordinatesystem(z;,z3) at SG to the 2-D ray-centeredcoordiantesystemq’
(FigureA-2) by

¢ = gz, ¢=4g742, (A-5)

g = cosB%, ¢ =cosf, (A-6)

v — cos 3% K. X,:_cosﬂs Ks. (A7)
Vs Vs

In paraxialapproximationthe curved surfacecanbe expressedasa parabola.ln the
local 2-D coordinatesystemz; 3, thisis representablas

1

T3 = 5 S m% ’ (A'8)
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whereK is thesurfaces curvatureat SG (Schleicheretal., 2001).
Thematrix IT is expressedn termsof the NIP andN wavefrontcurvaturesK y;p and
Ky (Hubral,1983)by

0 = Q1 Q2 ) _ 1 Kyip + Ky 2 vg . (A9)
P P Kyip — Ky %KNIPKN Kyip+ Ky )’

By substitutingegs. (A-6), (A-7) and the componentof matrix IT (eq. A-9) into
egs.(A-1) weobtainthecomponents! , B, C andD of thematrix T givenby eqs.(7).
Thematrix T alsocannow be definedin termsof the matrix IT by

A B : 0 g
r=(e5)=( 2 n( 2
¢ D 5 9 o

Insertingthe elementsf the propagatomatrix I, we obtain

r=(on) (= (B %) (51)  ew

thusproving the validity of equationgA-1).

= O

) . (A-10)

curved surface

paraxial ray

reflector

Figure A-1: Ray diagramfor a paraxialray in the vicinity of a normalray in a 2D
laterallyinhomogeneoumedium.
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FigureA-2: Blow-up of FigureA-1 shaving the 2D local andray centereccoordinate
systemat SG.



